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INTRODUCTION
The wild bananas, Musa acuminata 
Colla of Musaceae family in various regions 
of Indonesia were diverse and differentiated 
into 15 varieties (Nasution & Yamada, 2001), 
one of which var. tomentosa is endemic to
Sulawesi (Nasution & Yamada, 2001; 
Sulistyaningsih, 2013; Christelová et al., 
2017; Poerba et al., 2018). Wild bananas 
have been known to have resistance to abio-
tic stress such as drought stress (Santos et al., 
2018) and biotic stress such as Fusarium wilt 
disease (Zhang et al., 2019). Therefore, wild 
Citation
Prawestri, A. D., Riastiwi, I., Rahayu, R. S., Handyani, T., Leksonowati, A. & Poerba, Y. S. (2021). 
Hydropriming Improves Germination and Plant Recovery During Embryo Rescue of Wild Banana 
Musa acuminta var. tomentosa. Jurnal Biodjati, 6(1), 11-22.
Selected paper from the 5th  Seminar 
Nasional Biologi (SEMABIO),
Bandung-Indonesia, October 8, 2020
(conference.bio.uinsgd.ac.id)
Received : December 10, 2020
Accepted : April 24, 2021
DOI: 10.15575/biodjati.v6i1.10528
1,2,3,4,5,6Research Center for Biology,
Indonesian Institute of Sciences 
(LIPI), Jl. Raya Jakarta-Bogor km. 46,
Cibinong, Bogor, West Java 16911 










Abstract. Wild bananas are believed to have genes for resistance to 
biotic and abiotic stress in nature, making them potential genetic 
resources for creating superior varieties. Wild banana seeds, such 
as Musa acuminata var. tomentosa are generally difficult to germi-
nate in vivo, so that in vitro embryo culture technique is needed. This 
study aimed to increase embryo germination and regeneration of wild 
banana M. acuminata var. tomentosa by soaking the seeds as hydro-
priming. The treatment comprised of soaking the seeds in sterile dis-
tilled water for four periods of time: 0 (control), 1, 4, and 7 days. A 
total of 45 embryos for each treatment were planted on petri dishes 
containing MS + 0.5 mg/L BA + 1 mg/L biotin + 1 mg/L proline. The 
results showed that hydropriming increased the rate of embryo germi-
nation and regeneration. Seeds soaked for 1, 4, and 7 days success-
fully resulted in embryo germination percentages of 87%, 62%, and 
62%, respectively, while the control unsoaked seeds germinated with 
a lower percentage of 42%. One-day soaking treatment was the most 
optimal treatment to increase the rate of germination and regenera-
tion as well as obtained the best vigor as demonstrated by the highest 
average height of plantlets, number of leaves, and roots than other 
treatments. Thus, 1-day seed hydropriming is the best treatment for 
embryo rescue and regeneration of wild banana M. acuminata var. 
tomentosa.
Keywords: embryo rescue, germination, regeneration, seeds soaking, 
wild banana
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bananas as genetic sources are important for 
the banana's future genetic improvement, es-
pecially as disease-resistant diploid parental 
lines (Tenkouano et al., 2003; Wu et al., 2016).
Banana seeds are naturally survived 
with low water content but have a different 
dormancy type and experience secondary 
dormancy as the seeds stored (Kallow et al., 
2020). Usually, after months of storage seed 
viability became reduced and low seedling 
vigor (Bohra et al., 2020). Some wild bananas 
have seeds with little endosperm, and some 
have abnormalities because of the absence 
and/or deformation of the embryo (Silva et 
al., 2019). In order the seed to germinate, the 
embryo has to contact water to be non-dor-
mant. Besides, dry ripe banana seeds have a 
hard texture with an impermeable inner sur-
face of the seed coat; thus, they mostly fail 
to germinate due to lack of water supply or 
exchange of gases (Arun et al., 2013). Rescu-
ing the embryo seems to be the best way to 
overcome this obstacle, which has significant-
ly enhanced germination compared to conven-
tional sowing the seeds (Wilson & Tenkouano,
2019).
Embryo culture has been studied to
increase germination of various plant species, 
including wild Musa (Bakry, 2008). The study 
included factors that affect plant regeneration 
such as seed age (Uma et al., 2012), seed sto-
rage and priming time (Wilson & Tenkouano, 
2019), types of seed, concentration of plant 
growth regulators, and other components of 
in vitro media (Asif et al., 2001; Dayarani et 
al., 2014).
Treatment of seeds priming by soaking
seeds in water (hydropriming) and other 
chemical compounds (osmopriming) for a 
particular time potentially increases the abili-
ty of wild banana seeds to germinate. Seeds 
priming has been tested in several plants, 
such as lychees (Zhang et al., 2015), culantro
Eryngium foetidum (Mozumder & Hossain, 
2013), tomatoes (Sabongari & Aliero, 2004), 
and pistachios (Esmaeilpour & Van Damme, 
2016). The success of seed priming in increa-
sing germination is influenced by several fac-
tors such as the type of priming, concentration 
of the chemical compound, imbibition time, and 
the variety of species (Pawar & Laware, 2018).
Hydropriming of Musa seeds has been 
done by Arun et al. (2013), however, the suc-
cess rate of seed germination is low, below 
50%, after hydropriming treatment for 1 to 5 
days. In addition, beyond three days, germi-
nation decreased with a delay in germination 
which might be caused by microbial contami-
nation. Diro & Van Staden (2003) also repor-
ted that the pretreatment of soaking Ensete 
ventricosum seeds for four days resulted in 
95% microbial contamination of Oniya geno-
type embryo culture. No other reports regar-
ding the seed hydropriming treatment, espe-
cially the soaking time of wild Musa seeds 
hydropriming on embryo germination, micro-
bial contamination and seedling growth, have 
been found. Therefore, this study was under-
taken to determine the effect of seeds hydro-
priming and soaking time on in vitro embryo 
germination and plantlet growth and recovery 
of wild banana M. acuminata var. tomentosa.
MATERIALS AND METHODS
This study was conducted from June 
to October 2020. The seeds of M. acuminata 
var. tomentosa used was the collection of 
Plant Genetics Laboratory, Research Cen-
ter for Biology – LIPI, Cibinong, West Java. 
The seeds were extracted from fruit bunches 
harvested from M. acuminata var. tomentosa 
plants in the living collection field of the Re-
search Center for Biology. The seeds were 
stored at room temperature for one month 
before using them as experiment materials.
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Hydropriming Treatment
Seeds hydropriming treatments were 
carried out referring to Arun et al. (2013) with 
a modification in soaking time, i.e. 0 (with-
out soaking), 1, 4, and 7 Days at room tem-
perature. A total of 360 banana seeds were 
divided into four, 90 seeds for each soaking 
period. Those seeds soaked separately in 25% 
commercial bleach (5.25% NaOCl) for 15 
min, rinsed with sterile distilled water once, 
soaked again in 80% alcohol for 10 min. 
Without rinsing, the seeds were then drained 
on several layers of autoclaved sterile tissue 
in a petri dish. The disinfected seeds were 
then soaked in 50 mL vials containing 40 mL 
sterile distilled water, then stored for 1, 4, and 
7 Days separately at room temperature for 
hydropriming treatment. Each treatment vial 
contained 90 disinfected seeds. The soaking 
water that became turbid during the treatment 
period indicated contamination so that the 
seeds were re-sterilized with 80% alcohol for 
15 mins before culture. Seeds were carefully 
split using a sterile blade to take out the em-
bryo. Banana embryos were characterized by 
a small yellowish-white dense sphere located 
at the end of the micropyle, while endosperm 
was a white powder filling the seed (Figure 1).
Figure 1. Seed morphology of M. acuminata var. tomentosa. A) Dried mature seeds; B) Opened seed without soaking 
treatment (control), the embryo is ivory white located at the inner end of micropyle; C) Opened seed after 
soaking for one day, the embryo is swollen and its color tends to be yellowish. Arrows indicate: e= embryo, 
ed= endosperm, m= micropyle.
Embryo Culture Initiation on Germination 
Media
A total of 90 disinfected unsoaked seeds 
used as a control were taken as many as 45 
seeds randomly and immediately excised to 
extract the embryos and planting them on three 
petri dishes containing germination media. As 
hydropriming treatment, after each soaking 
period, 45 seeds were taken randomly from 
each soaking vial. A total of 45 embryos from 
each treatment were extracted from seeds
using a sterile blade and planted on three petri 
dishes containing germination media.
The germination medium was solid 
modified MS (Murashige & Skoog, 1962) 
containing MS macro and micro salts, MS 
vitamin, 100 mg/L myoinositol, 30 g/L sugar 
supplemented with 1 mg/L biotin, 1 mg/L pro-
line, and 0.5 mg/L benzyl-adenine (BA) and 
3 g/L gelrite as the gelling agent. The pH of 
the medium was adjusted to 5.7-5.8 with a 
few drops of either 1 N NaOH or 1 N HCl 
before the gelling agent was added. The me-
dium was autoclaved at 121°C for 20 min 
and poured in 25 mL aliquots into the steri-
lized glass petri dish of 15 x 10 mm under 
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aseptic condition inside a laminar flow hood.
The cultures were then incubated on a 
shelf in the culture room without lighting for 
four weeks at 25°C. Parameters observed were 
seed morphology, percentage of germination, 
and culture contamination. Germination was 
characterized by the appearance of light green 
shoots in the embryo culture, while contami-
nation was indicated by the presence of mucus 
caused by bacterial or yeast or hyphae grown 
by fungi on the media or embryo. The pro-
cess of developing embryos into plantlets was 
observed using a stereomicroscope (Nikon 
SMZ1000).
Sprout Transplanting on Regeneration
Media
After four weeks in the germination me-
dia, the embryos with grown shoots of 1 cm 
length were transferred to regeneration media 
for further development into plantlets. The re-
generation medium used was solid MS media, 
containing MS macro and micro salts, MS 
vitamin, 100 mg/L myoinositol, 30 g/L sugar
supplemented with 1 mg/L biotin, 2 mg/L 
BA, solidified with 3 g/L gelrite, and auto-
claved at 121°C for 20 min. The culture ves-
sel were glass bottles with a volume of 350 
mL containing 30 mL medium capped with
double-layer plastic film and secured with 
rubber bands. There were 3 shoots developing 
embryos per culture vessel.
Cultures were incubated for four weeks 
with a 16/8 h photoperiod in a culture room 
with 2000-3000 lux light intensity (46 µmol/
m2), at 25±2°C room temperature, and 40% 
humidity. Growth parameters were observed 
four weeks after sub-culturing, including shoot 
height, number of leaves, number of roots, 
root length, and the color of 15 plantlets ran-
domly selected from each soaking treatment.
Statistical Analysis
Plantlet growth data were analyzed us-
ing the Kruskal-Wallis test at a 95% confidence 
interval. Significant differences (P ≤ 0.05) 
between individual treatment means were 
determined using Duncan's Multiple Range 
Test (DMRT). All the data were analyzed 
using Statistical Analysis System 9.1 (SAS 
9.1) software (Mattjik & Sumertajaya, 2013).
RESULTS AND DISCUSSION
We have been able to improve the ger-
mination and plantlet regeneration by em-
bryo rescue of wild Musa acuminata var. to-
mentosa by hydropriming month-old-stored 
seeds in sterile water for 1 day prior to cul-
ture. With that best seed hydropriming 
treatment, embryo germination percentage 
doubled to over 80% and the subsequent-
ly regenerated plantlets were most vigorous.
Effect of Seeds Hydropriming on Embryo 
Germination
Dry mature ripe banana seeds of
M. acuminata var. tomentosa are hard, coarse 
in texture, dark brown. Seeds of this spe-
cies are filled with endosperm in the form of 
starch grains. This kind of seed was typical 
of wild banana M. acuminata seeds, such as 
subsp. banksii (Kallow et al., 2020), subsp.
burmannica (Uma et al., 2012) and var.
sumatrana (Roostika et al., 2019). The embryo
located at the end of the inner micropyle 
was ivory white, slightly different from the
surrounding milky-white endosperm. The 
embryo was mushroom-shaped with a well-
developed haustorium and meristematic stalk. 
The soaking of the seeds affects the size 
and color of the embryo; the embryos from 
soaked seeds were larger than those of un-
soaked seeds. The imbibition process during 
immersion might have caused the swelling of 
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the embryos. The embryos from soaked seeds 
had a more slight yellow tint color than those 
from unsoaked seeds (Figure 1).
The embryo development stage of
M. acuminata var. tomentosa on germination 
medium could be categorized into 3 stages:
(i) pre-germination stage, characterized by 
embryo swelling (Figure 2A); (ii) germi-
nation stage, starting with the enlarge em-
bryo differentiated haustorium-embryo zone, 
with coleoptile and rhizoid started to emerge. 
The coleoptile was light green and continue 
to elongate but not break open yet, and the
rhizoid was indicated by hairy radicle develop-
ment (Figure 2B-C); (iii) coleoptile elonga-
tion (Figure 2D); (iv) regeneration stage, 
characterized by the growth of secondary 
roots at basal part and coleoptile continue to 
enlarge at the apical and about to break by 
the emergence of the first leaf (Figure 2E).
Figure 2. The stages of embryo development of M. acuminata var. tomentosa on germination medium. A) 
An embryo swelled after one day of culture. The embryo was mushroom-shaped with a well-
developed haustorium and meristematic stalk; B) The embryo grew bigger, differentiated haus-
torium-meristematic zone, with coleoptile and rhizoid in the meristematic stalk started to emerge 
(10 days old); C) The emergence of light green coleoptile with hairy radicle development (14 
days old); D) Coleoptile elongation (16 days old); E) Root growth (22 days old) at basal part and 
coleoptile continued to enlarge at the apical. Arrows indicate: co= coleoptile, ha= haustorium, 
ms= meristematic stalk, r= root, rh= rhizoid. Bar: A= 500 µm, B-E= 2 mm.
Banana embryos of M. acuminata var. 
tomentosa that were planted on germination 
medium began to germinate at 2 weeks of cul-
ture (WOC). Hydropriming affected the per-
centage of embryo germination. The embryos 
of unsoaked seeds (control) germinated only 
at 16% in the second week and increased only 
up to 40% a maximum of 42% in the third 
and fourth week, respectively. Of all the seed 
hydropriming treatments, 1-day soaking in-
creased the germination percentage to a rela-
tively high percentage of 40% at 2 WOC, then 
continued to increase to 84% at 3 WOC  and 
plateau at 87% at 4 WOC. However, in the 
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4-day hydropriming treatment, the embryo 
germination occurred faster than other treat-
ments due to a much higher percentage which 
was 62% at 2 WOC, although this percentage 
value did not increase again at the third and 
fourth weeks due to an increase in the rate of 
contamination (Figure 3). The longer seed hy-
dropriming duration of 7 days, resulted in a 
germination rate of 34% at 2 WOC which was 
slightly less than that of 1-day hydropriming 
treatment but then its germination rate plateau 
at 64% at 3 to 4 WOC similar to that of 4-day 
hydropriming treatment. These results indi-
cated that 1-day soaking treatment was the 
most optimal treatment to enhance the rate of 
germination. These are similar to the results 
of Esmaeilpour & Van Damme (2016) that re-
ported a 1-day (24 h) hydropriming pre-treat-
ment increased the percentage of germination 
in pistachio seeds compared to 1, 6, and 12 
h duration. This could be due to hydropri-
ming treatment that triggered reactivation 
of the metabolic system, leading to the re-
hydration of proteins, enzymes, and cellular 
organelles in the seed Arun et al. (2013).
In the present study, the decrease in 
the percentage of embryo germination in 
the 4 and 7-day hydropriming is in line with 
the findings of Arun et al. (2013) who have 
reported that beyond three days of hydro-
priming period, the embryo germination per-
centage of Pisang Jajee × M. acuminata ssp.
burmannicoides decreased. It might be caused 
by bacterial decay of the embryo prior to ger-
mination, and inadequate duration with too 
long soaking period resulting in inactivation 
of the enzyme that facilitating the germination 
(Esmaeilpour & Van Damme, 2016). On the 
other hand, this result is in contrast to a previ-
ous study in Eryngium foetidum that the per-
centage of germination increased along with 
the length of the soaking period (Mozumder 
& Hossain, 2013).
Hydropriming of M. acuminata var.
tomentosa wild bananas seeds was effective 
in improving the embryo germination from 
40 to 80% upon embryo rescue of seeds that 
Figure 3. Effect of seed soaking duration on germination percentage of the embryo for four weeks of culture on
germination media.
Period of Culture (Weeks)
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had been stored about a month and apparent-
ly had diminished their germination ability. 
Fresh wild banana seeds that are mature and 
characterized with fully developed embryo 
and powdery endosperm could be used for 
embryo rescue with plantlet recovery near 
90% for Pisang Jajee (AA) (Uma et al., 2011), 
up to 100% for M. acuminata var. sumatrana 
(Roostika et al., 2019) and subsp. malaccensis 
(Asif et al., 2001), however, after some period
of storage and desiccation the germination 
rate decreases to variable value from 10 to 
80% (Kallow et al., 2020).
Priming seeds, especially soaking in 
water (hydropriming), accelerates the process 
of imbibition and enzyme activation. During 
immersion, enzymes, such as amylase and
lipase, are stimulated and produced to activate 
certain materials in the seeds and mobilize
antioxidant enzymes that delay oxidation 
processes in the seeds to remain vigorous
(Siddique & Kumar, 2018). In addition,
water also causes the embryonic cell wall 
and seed coat more permeable to gases, thus
facilitates the diffusion of oxygen into the 
cells to increase the respiratory activity of the 
embryonic cells so that the process of seed 
germination occurs faster (Taiz & Zeiger, 
1998). According to Tania et al. (2019), seed 
priming treatment can stimulate a series of 
biochemical changes in the seeds to initiate 
important processes such as breaking dorman-
cy and hydrolysis.
Water immersion treatment as priming
had both positive and negative effects.
Although soaking seeds were able to increase 
the germination percentage of embryos, it 
appeared that this treatment also negatively 
affected the risk of contamination of embryo 
cultures. The data in Figure 4 shows that the 
unsoaked seeds control treatment resulted in 
no embryo culture contamination, while both 
bacteria and fungi contaminated the embryo 
culture from the treatment of hydropriming. 
The level of contamination in the embryo cul-
ture was directly proportional to the seed hy-
dropriming, i.e., 7 to 31% contamination rate 
with immersion duration from 1 to 7 days. 
Figure 4. Comparison of the percentage of embryo germination and embryo culture contamination,
observed at 4 weeks after planting on germination media.
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During the soaking treatment, contami-
nation began to appear indicated by cloudy 
soaking water. A rescue procedure of re-steri-
lizing the contaminated banana seeds before 
culture on the germination media was not 
completely successful as indicated by con-
tamination of the embryos at 4 weeks of cul-
ture. This contamination could be caused by 
several possibilities, including the more ex-
tended soaking (4 and 7 days), which would 
increase the time for bacteria/fungi to grow 
in the water used for soaking. The increased 
water content in the seeds could trigger endo-
phytic microbe growth in the seeds.
According to Frank et al. (2017), endo-
phytic microbes that benefit from supporting 
growth are consistently transferred across 
generations through vertical transmission 
via seeds. Endophytic microbes in seeds are 
also reported to grow from surface-sterilized 
seeds of the various seeds crops, including 
corn, alfalfa, pods, barley, and wild plants like 
giant Cardon cactus (Pachycereus pringlei) 
and Norway spruce (Picea abies). Endophy-
tic bacteria are detected in several parts of the 
seed, including the seed coat, endosperm, and 
embryogenic tissue.
Plantlet Regeneration from Germinating
Embryos
Upon transfer to the regeneration
medium, the germinating embryos of M.
acuminata var. tomentosa as indicated by 
the growth of coleoptiles and radicles conti-
nued to grow into plantlets as indicated by the 
emergence of first leaves from coleoptile, then 
the subsequent leaves, and the growth of roots 
(Figure 5). Different seed hydropriming treat-
ments that resulted in the different embryo 
germination rates continued to show different 
plantlet vigor upon their growth in the regene-
ration medium. The plantlets were more vigo-
rous when the seeds were hydroprimed com-
pared to control unsoaked seeds, and the best 
hydropriming treatment that allowed the most 
vigorous plantlet growth was the 1-day dura-
tion (Figure 5). More detailed observation at 
4 weeks after culture in the regeneration me-
dium showed that the difference in the vigor 
of the plantlets was attributed to the signifi-
cant difference in plantlet height and number 
of leaves, while the number of the shoots and 
the number of roots developed from the plant-
let were not significantly different (Table 1). 
It was also noticeable that the plantlets from 
hydroprimed seed had a darker green color 
compared to plantlets from control unsoaked 
seeds.
Figure 5. Performance of M. acuminata var. tomentosa plantlets regenerated from embryos 
of unsoaked and soaked seeds for various days at 4 weeks cultured on regenera-
tion medium.
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The in vitro embryo germination of 
wild banana var. tomentosa followed a typical 
monocotyledonary species which was started 
with embryo enlargement due to imbibition, 
rhizoid, and coleoptile development and plant 
growth as indicated by the emergence of first 
leaves and continued root development star-
ted. Rhizoid's growth was reported in the em-
bryo development of Ensete glaucum banana 
(Singh et al., 2020), which grew in 14 days 
of culture. In other monocot species, such 
as orchid Dendrophylax lindenii (Hoang et 
al., 2017) and Cyrtopodium saintlegerianum 
(Sousa et al., 2019), rhizoid structures are
often found during zygotic embryo's early 
development into protocorms. Shoot growth 
from embryo cultures of M. acuminata 
var. tomentosa had a similarity in time with
E. glaucum shoots development; the shoots 
manifested as the coleoptiles appeared at 14 
days of culture and elongated at 16 DOC 
(Singh et al., 2020).
The hydropriming treatment of 1-day 
soaking also demonstrated that subsequent 
plantlet growth was also improved as indica-
ted by more vigorous growth as indicated by 
shoots height and number of leaves, while the 
number of shoots and number of roots stays 
the same. During the immersion period, se-
veral physiological processes, including acti-
vation and synthesis of some enzymes, pro-
teins, and amino acids, repair and increase in 
ATP synthesis, and repair of plasma mem-
branes in the soaked seeds will begin to deve-
lop, increasing the relative growth rate of 
the seedling produced (Oliveira et al., 2019).
Several studies have shown that soaking 
seeds not only promotes germination but 
also increases seedling growth. Bakry (2008)
reported that when the wild banana seed ger-
mination problem occurs due to old seeds 
with desiccated embryos, the seeds could be 
soaked for 48 h by immersion in sterile water 
after first surface sterilization to second sur-
face sterilization before embryo extraction. 
Other study reported by Shah et al. (2012) 
said that seed priming increased early growth 
and seedling vigor of mung bean, characte-
rized by an increase in seedling biomass. Bit-
ter gourd seeds soaked in 45°C warm water 
for 5 min can also increase seedling growth 
and yields (Tania et al., 2019).
Plantlets that grew from germinated
embryos from soaked and unsoaked seeds pro-
duced different coleoptile colors. The soaked 
seeds resulted in a greener seedling than the 
control unsoaked seeds did. Exogenous cyto-
kinin (BA) which was added in the growth 
medium seems to play important role in 
the rate of seedling greening. According to
Cortleven & Schmülling (2015), the greening
level is closely related to the chlorophyll con-
tent and abundance of chloroplasts as the re-













Without soaking 1.31 ± 0.124 b 1.00 ± 0.098 a 0.93 ± 0.182 b 4.93 ± 0.831 a Light green
1-day soaking 2.56 ± 0.161 a 1.00 ± 0.000 a 1.47 ± 0.165 a 6.27 ± 0.597 a Dark green
4-day soaking 1.70 ± 0.215 b 0.87 ± 0.091 a 1.20 ± 0.200 ab 4.73 ± 0.902 a Dark green
7-day soaking 2.31 ± 0.250 a 0.93 ± 0.067 a 1.00 ± 0.138 ab 5.27 ± 0.983 a Dark green
Table 1. Effect of seed soaking duration on subsequent plantlet growth at 4 weeks after cultured on regeneration 
medium.
Values are mean ± standard error. Values followed by different letters within a column are significantly different
according to Duncan's Multiple Range Test (P < 0.05).
Prawestri et al. 20
Jurnal Biodjati 6(1):11-22, May 2021
http://journal.uinsgd.ac.id/index.php/biodjati
kinin not only accelerates chlorophyll bio-
synthesis by promoting ALA synthesis and 
enhancing POR activity but also regulates 
nuclear and plastid gene expression and
alters protein abundance to carry out its role 
on chloroplast development and function. 
Green color differences expressed in control 
and treated seedlings were also reported in 
corn kernels soaked with water (hydropri-
ming), CaCl2 and Moringa leaf extract (osmo-
priming), and salicylic acid (hormonal pri-
ming) (ur Rehman et al., 2015). The priming 
process or soaking of the pre-planted corn ker-
nels produces seedlings with higher chloro-
phyll content than control seedlings so that 
the leaves are greener.
Based on the results, it can be con-
cluded that seed soaking treatment as hydro-
priming increased the percentage of embryo 
germination and accelerated germination of
M. acuminata var. tomentosa embryos. It
continually affected embryo development into 
plantlets. Plantlets grown from seed-soaked 
sprouts had a higher vigor than sprouts from 
untreated seeds. However, soaking treatments 
carried an increased risk of contamination 
over the soaking duration. Thus, 1-day seed 
hydropriming is the best treatment for em-
bryo rescue and regeneration of wild banana
M. acuminata var. tomentosa.
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